This study was conducted to monitor the adverse effect of the drainage wastewater of three main factories on the macroinvertebrates biodiversity of Ismailia Canal. Water and benthos samples were collected seasonally during 2010 from 10 stations along Ismailia Canal from El-Mezalat to Abu Zaabal city.
INTRODUCTION
Ismailia canal is one of the most important Nile tributaries in Egypt. It supplies water for a great number of the Egyptian citizens (about 12 million inhabitants), including those living in northern part of Cairo, Shubra El-Kheima, Mattaria, Musturod, Abu-Zaabal, Inchas, Belbeis, Abbasa, Abu-Hammad, Zagazeeg and El-Tell El-Kabier, before entering the Suez Canal Province (Fig. 1) . It extends for about 128 km with 2.1 m depth and 18 m length. It is worthy to note that some factories are constructed at this area, discharging its wastes into the canal, which cause dramatic changes in the canal's water quality. Measuring of specific physico-chemical parameters in the contaminated aquatic ecosystem is important in determining the potential toxicity and its effects on the living organisms inhabiting that environment (Wrona and Cash, 1996) . Most organisms living in a water body are sensitive to any change in their environment. Different organisms respond in different ways; the most extreme responses include death or migration to another habitat. Less obvious responses include reduced reproductive capacity and inhibition of certain enzyme system necessary for normal metabolism. Once the responses of particular aquatic organisms to a given change have been identified, they may be used to determine the quality of water with respect to its suitability for aquatic life (Chapman, 1992) . The use of bioindicators in water quality assessment started more than a century ago. Macrobenthos are the most commonly organisms used as bioindicators because they are typically less mobile than fish; therefore, they provide a more localized assessment of their response to stream conditions (Barbour et al., 1999) . species were carried out according to Brinkhurst (1971) , Brown (1980) , Ruffo (1982) , Habashy (1993) , El-Shemy (1994) and Ibrahim et al. (1999) .
Species diversity of bottom fauna was calculated and evaluated to assess the impact of pollution on the degradation of species diversity, food chains and eventually the ecosystem using a computer soft ware namely Primer 5 version 5.2.0. The Similarity between the communities of macroinvertebrates in the ten stations of the canal was determined using Bray-Curtiz similarity index. 
RESULTS AND DISCUSSION

Physico-chemical Parameters: Water temperature:
As shown in Table ( 1), the maximum water temperature was recorded at station 6 with an annual average of 28.53 ºC, while the minimum was recorded at station 1 with an annual average of 22.95 ºC. This result is in accordance with who reported a relative increase of the water temperature in front of the petroleum company causing thermal pollution. Regarding seasonal variation, summer exhibited the highest water temperature with an average of 31.6 ºC, while winter exhibited the lowest with an average of 17.78 ºC. The low water temperature during winter and autumn is due to frequent clouds, high humidity, high current velocity, while high water temperature during summer and spring is due to clear atmosphere and great solar radiation (Shama et al., 2011) . The analysis of variance (ANOVA) revealed significant regional and seasonal variation (F= 10.99 and 467.457 , p< 0.05, respectively). Water transparency:
The clarity of a natural water body is a major determinant of the condition and productivity of the sustain (APHA, 1998) . Table ( 2) shows that maximum water transparency was recorded at station 1(93.75 cm), while the minimum was at station 8 (27.50 cm). This result revealed the adverse effect of the different companies' effluents along the canal. This result is in accordance with Abdo and El-Nasharty (2010) . On the other hand, the lowest transparency values were recorded during spring (Average of 38.50 cm) due to the flourish of phyto-and zooplankton during this season Wissa, 2012) . ANOVA test showed significant regional and seasonal variation (F= 3.15 and F= 10.317, p<0 .05 respectively). 
Electrical conductivity (EC):
During the period of investigation, the EC values showed two peaks at stations 9 and 6 (505.75 and 503.50µ mohs, respectively), while the lowest (428.50µ mohs) was recorded at station 2 (Table 3) . These results may be attributed to the effluents of Abu Zaabal Company and the petroleum companies. This agreed with the results of Mohammed (2008) and who recorded maximum EC values in front of the petroleum companies which are rich in heavy metals and organic matters. Furthermore, Abdo and El-Nasharty (2010) recorded the maximum EC values at Abu Zaabal Company area and the highest EC average value (684.10 µ mohs) was recorded during autumn which is in agree with Mohammed (2008) . On the other hand, the lowest (343.50 µ mohs) was recorded during summer. Regarding ANOVA test, there was significant seasonal variation (F= 103.862, P< 0.05). 
Hydrogen Ion Concentration (pH):
Although pH usually has no direct impact on consumers, it is one of the most important operational water quality parameters (WHO, 2003) . During the present study, pH values were recorded at alkaline side (Table 4 ). The highest pH average value (8.49) was recorded at station 6, while the lowest (7.63) was at station 9. These results explain the effects of the petroleum company and Abu Zaabal company's discharges on Ismailia Canal water quality. The results are also confirmed by Mohammed (2008) and Abdo and El-Nasharty (2010) who recorded the lowest pH value in front of Abu Zaabal Fertilizer Company. However, according to WHO (1993) the desirable pH for fresh water is in the range of 6.5-9.2. Thus, Ismailia Canal water still in the desirable pH ranges of fresh water. Regarding seasonal variation, the lowest pH value (7.88) was recorded during summer. This result is in coincident with Fishar (1999) , Mohammed (2008) and Toufeek and Korium (2009) . This could be explained on the basis of organic matter decomposition and releasing acidic gases (Elewa et al., 2007) . On the other hand, the highest pH value (8.55) was during autumn. This may be attributed to the increase of photosynthetic activity (Yousry, 2009) . The pH values were significantly correlated with the values of EC, DO, TDS, TSS and orthophosphate (r= 0.54, 0.44, 0.50, -0.52 and -0.40 , respectively at p< 0.05). ANOVA test revealed significant regional and seasonal variation (F= F= 2.95 and F= 10.039, p< 0.05 respectively). 
Dissolved Oxygen (DO):
Dissolved oxygen is a very important factor to the aquatic organisms, because it affects their biological processes, respiration and oxidation of the organic matter in water and sediments . During the present study, the results showed that the highest DO average value (10.69 mg/l) was recorded at station 9, while the lowest (7.12 mg/l) was recorded at stations 2 (Table 5 ). It was noticeable that station 9 exhibits the highest DO value (25.00 mg/l) during autumn. This result may be attributed to the mixing effect of Abu Zaabal effluents which increase the solubility of the atmospheric oxygen gas. On the other hand, autumn exhibited the maximum DO value with an average of 16.33 mg/l, which could be attributed to the prevailing wind action that permits increased solubility of atmospheric oxygen gas (Ibrahim et al., 2008) . Although, summer exhibited the lowest values with an average of 4.15 mg/l, which might be due to the elevation of water temperature and the increase in oxidative processes of organic matter which lead to oxygen depletion (Abdel-Satar and Elewa, 2001; Abdel-Satar, 2005; Elewa et al., 2007; Hassan, 2008) . ANOVA test revealed significant seasonal variation (F= 80.700, p< 0.05). 
Biological Oxygen Demand (BOD):
The maximum average value (8.25 mg/l) was recorded at station 6, while stations 3 and 4 exhibited the minimum average values (3.50 and 3.00 mg/l, respectively) (Table 6 ). It was noticeable that station 6 exhibits the highest BOD value during winter (15.00 mg/l). This is attributed to the negative impact of the high amount of petroleum byproducts discharged from the petroleum companies into the canal. According to Hassan (2008) the biological oxygen demand (BOD) is directly related to the decomposition of organic matter found in the water and hence the high values of BOD reflect the degree of pollution in the studied habitat. Hence, the BOD values were within the permissible limits (6 mg/l according to the Egyptian law 48/1982) except at station 6 (average of 8.25 mg/l) which might pollute the canal. Seasonally, the values of BOD ranged between 2-15, 2-5, 4-7 and 3-9 mg/l during winter, spring, summer and autumn, respectively. The highest BOD average value (5.50 mg/l) was recorded during winter and this may be due to the decay of macrophytes and the high velocity and circulation of the water leading to uplifting the organic matter from the bottom to the surface . Using ANOVA test, there were significant regional and seasonal variation (p<0.05). 
Carbonate and bicarbonate alkalinity:
Carbonate was not detected at all during the period of study, while bicarbonate values are represented in Table (7) . ANOVA test exhibited significant variation only in the seasons with lowest values during summer due to the high evaporation rate in summer season (Mohammed, 2008 ). 
Nutrients:
Nitrite was detected only during winter with lower values than the corresponding values of nitrate due to the fast conversion of NO 2 -to NO 3 -ions by nitrifying bacteria (Shama et al., 2011) . The increase in NO 2 -during cold seasons might be attributed to low consumption by phytoplankton as well as the oxidation of ammonia by nitrifying bacteria and biological nitrification (Rabeh, 2000 and (Table 8 ). In the same manner, Nitrate recorded its maximum values during winter (6.90 mg/l) and the minimum values during summer (0.03 mg/l) ( Table 9) , which might be attributed to the uptake of nitrate by natural phytoplankton as well as the effect of denitrifying bacteria (Saad and Abdel-Moati, 1997; Sabae and AbdelSatar, 2001 ). On the other hand, it was noticeable that station 6 was higher than all the other stations during winter (13.76 mg/l), which is mainly attributed to the effluents discharge of petroleum companies at this area (Abdo,1998; Sabae et al., 2006 and . Regarding orthophosphate, as the main reason for eutrophication, the minimal average value (0.04 mg/l) was recorded at station 1, while the maximal average value was (0.61 mg/l) at station 9 with the highest value at station 9 during (Table 10 ). 
Total suspended solids (TSS) and total dissolved solids (TDS):
The highest TSS average value (28.25 mg/l) was recorded at station 8, while the lowest value (6.00 mg/l) at station 1, with a peak value at station 8 during summer (73.00 mg/l). ANOVA test revealed only seasonal significant variation with maximum value (26.80 mg/l) during spring as a result of the high standing crop of zooplankton and blooming of phytoplankton (Saad, 1973; Abdel-Satar, 1998 , while the lowest (4.60 mg/l) was during autumn (Table 11) . On the other hand, the results of TDS showed significant regional variation (F= 2.3 and p< 0.05), while the highest average value (324.75 mg/l) was recorded at station 6 and the lowest value (272.75 mg/l) at station 1 (Table 12 ). This is mainly attributed to the effluents of the Petroleum Company. In addition station 9 was higher than stations 8 and 10 which reflect the adverse effect of Abu Zaabal Fertilizer Company on Ismailia Canal. ANOVA test also exhibited significant seasonal variation of TDS values (F= 103.76, p< 0.05) with a maximum average value (417.30 mg/l) during autumn, while the lowest (226.70 mg/l) was during summer due to the wind action which increases the solubility of solids during autumn. Heavy Metals: Lead, zinc, iron and copper showed the maximum values at station 9 with an average of 0.061 mg/l, 0.318 mg/l, 1.425 mg/l and 0.227 mg/l, respectively (Table  13) . Although, cobalt showed its maximum concentration at station 10 with an average of 0.014 mg/l. Barium and chromium showed the maximum concentrations at station 5 with an average of 0.786 mg/l and 0.227 mg/l, respectively. Aluminum exhibited the maximum value at station 6 with an average of 1.227 mg/l. On the other hand, arsenic, antimony, selenium and molybdenum were not detected during the period of study. 
Macrobenthic fauna: Population Density and Community Structure of Macrobenthic Fauna:
Eighteen Macrobenthic species were identified in the present study. They were represented in three phyla namely‫؛‬ Mollusca, Annelida and Arthropoda (Fig. 3) . Their annual percentages were 35.20%, 33.62% and 31.18%, respectively. The total density of the macrobenthos was 376.83 ind./m 2 (Table 14) . Similar results were recorded by Wissa (2002) in the River Nile at North Cairo. The highest average of population density (708 ind/m 2 ) was estimated at station 2, while the lowest (88.75 ind/m 2 ) was estimated at station 7 (Table 15 ). This result may be attributed to the nature of the bottom sediments and availability of food supply as it was considered the most significant factors determining the macrobenthos distribution , although, Nkwoji et al. (2010) found that low macrobenthos community abundance and diversity was greatly affected by stress imposed by land based pollutants.
Seasonally, the population density of the macrobenthic fauna showed two peaks; (466.2 ind/m 2 ) during autumn and (446.6 ind/m 2 ) during spring due to the intensive number of Annelida and the dominance of mollusks, respectively (Fig. 4) . SlavevskaStamenkovć et al. (2010) attributed same result to the high DO concentrations and freshly produced organic matter that cause flourishing of benthic community especially Oligochaeta and Diptra. On the other hand, winter showed the lowest population density with an average of 195.00 ind/m 2 . Similar results were recorded by Mageed (2000) and . 
Species Composition of Mollusca:
Phylum Mollusca was the most dominant benthic macroinvertebrates during the period of investigation. It contributed about 35.20% of total Macrobenthic invertebrates, with an annual average of 132.65 ind/m 2 . The dominance of Mollusca is attributed to the flourishing of planktonic organisms which are the main food item for these grazing organisms (Fishar, 2002) . During the present study, ten molluscan species were recorded, namely; Melanoides tuberculata, Cleopatra bulimoides, Bellamya unicolor, Corbicula consorbina, Lymnaea truncatula, Caelatura prasidens, Theodoxus niloticus, Bulinus truncatus, Lanistes carinatus and Physa acuta. Station 1 exhibited the most populated station, while station 5 showed the least population with an average of 324.25 ind/m 2 and 16.5 ind/m 2 , respectively (Fig. 5) . The high density of molluscs was attributed to the amount of silt while the poorest values were in relation to the instability of the substrate . On the other hand, spring exhibited the maximum population density (168.7 ind/m 2 ) due to the dominance of Melanoides tuberculata and Lymnaea truncatula. This result is mainly attributed to the predominance of phytoplankton (Fishar, 2002 ; . However, winter showed the least population density (82.5 ind/m 2 ) due to the absence of Bellamya unicolor, Lanistes carinatus, Lymnaea truncatula, Physa acuta and Bulinus truncatus (Fig. 6) . Melanoides tuberculata was the most dominant molluscan species. It contributed 50.62% of total Mollusca and 17.82% of total benthic invertebrates with an average annual population density of 67.15 ind/m 2 . The distribution of this species showed a remarkable increase at station 6 with an annual average 227.75 ind/m 2 . This may be attributed to high organic matter, BOD and pH values as a result of the petroleum companies' effluents. On the other hand, the lowest density was at station 5 with an annual average 5.5 ind/m 2 . This may be attributed to the highest Mg, Cr and Ba values recorded at station 5 during the present study. In addition, the structure of the sediment represents a main factor for Melanoides tuberculata distribution, where Fishar and Abdel-Regal (1998) recorded Melanoides tuberculata in sandy sediment with lowest percent of clay particles. Melanoides tuberculata was at its maximum density during spring with an average of 88.9 ind/m 2 , while, the lowest was during winter with an average of 20 ind/m 2 . This may be attributed to the distribution of phytoplankton and increasing the amount of calcium carbonate .
Species Composition of Annelida:
Annelida considered the second dominant group among the benthic invertebrates found in the studied area. It contributed 33.62% of total benthic invertebrates with an annual average of 126.68 ind/m 2 . reported that the predominance of oligochaetes in Lake Nasser was due to their ability to adapt to various habitats and to their tolerance to low oxygen content or anoxic conditions. During the present study, annelids were represented by three species, namely, Limnodrilus hoffmeisteri, Branchiura sowerbyi and Helobdella conifera. Fig  (7) shows species composition of Annelida in the investigated area. The tubificid species Limnodrilus hoffmeisteri represented the most dominant component of Annelida contributing 95.18% of total Annelida population density and 32.00% of total benthic invertebrates with an annual average density of 120.58 ind/m 2 . Similar results were reported by in Lake Nasser and Wissa (2012) in El-Rahawey region. This result is highly attributed to the ability of the tubificid species Limnodrilus sp. to resist high pollution (Wissa, 2012) . As shown in Fig. (8) , station 9 was the most populated station with an annual average of 222.25 ind/m 2 , while station 7 was the least with an annual average of 44.5 ind/m 2 . This result is mainly attributed to the dominance of Limnodrilus hoffmeisteri at station 9, which is related to the abundance of decayed macrophytes and high concentrations of nutrients and organic matter discharged from Abu Zaabal Fertilizer Company that enhances the abundance of Limnodrilus hoffmeisteri Slavevska-Stamenkovic′ et al., 2010; Wissa, 2012) . On the other hand, autumn was the most populated season with an average of 215.6 ind/m 2 , which might be attributed to the increased phytoplankton decaying during autumn that lead to increase the organic carbon, resulting in increased annelid population density , while, winter was the least with an average of 40 ind/m 2 (Fig. 9 ). This may be attributed to the strong water currents which lead to unstable conditions with highest BOD values which is unfavorable habitat. It was noticeable that Limnodrilus hoffmeisteri was represented in the four seasons because it is considered as pollution tolerant species. Hence, the variation of water temperature is not the determining factor for their seasonal distribution (Wissa, 2012) . 
Species Composition of Arthropoda:
Arthropoda is the third dominant benthic group found in the studied area. It contributed about 31.18% of total benthic invertebrates with an annual average of 117.50 ind/m 2 . It was represented by two classes; Insecta and Crustacea. Insecta constituted the main component of Arthopoda (93.98%), while Crustacea was sporadically appeared. These results are in accordance with those of Wissa (2012) . The aquatic insects constituted 29.30 % of total macrobenthic population density. It was represented by three insect larvae, namely, Chironomus Larvae, Damselflies and Caddis flies (Fig. 10) . The larvae of Chironomidae represented the most dominant component of Insecta. This result is in accordance with that reported by Ahmad et al. (2002) , Wissa (2002) and Wissa (2012) . Considering the distribution of the aquatic insects in all stations, Chironomus larvae formed 97.31% of total insect density and 28.51% of total benthic invertebrates with an annual average of 107.45 ind/m 2 . It is classified among order Diptera. These larvae inhabit littoral zones of both oligotrophic and eutrophic lakes. The increase of Chironomids is often an indication of polluted conditions (Wissa, 2002) . During the present survey, the maximum population density was recorded at station 3 with an annual average density of 272.25 ind/m 2 , while station 7 was the lowest with an annual average density of 5.5 ind/m 2 . According to Ahmad et al. (2002) , the abundance and dominance of Chironomidae was especially related with the amount of detritus. The highest population density was recorded during spring (195.7 ind/m 2 ). On the other hand, the lowest was during winter (50 ind/m 2 ) (Fig. 11 ). This result can be explained by the rise in temperature accelerate the cycle of chironomids leading to adult stage (Wissa, 2002) . Crustacea was the least recorded group. It contributed about 1.88% of total benthic invertebrates with an annual average 7.08 ind/m 2 . The highest population density was at station 2 (37.5 ind/m 2 ). Concerning seasonal variation, Crustacea was recorded only during winter and spring with higher population density during winter (15 ind/m 2 ). Crustacea was represented only by 2 species; Cardina nilotica and Potamonautes niloticus (Fig. 12) . Cardina nilotica was the most dominant crustacean species. It was represented by 92.23% of total crustacean population density and 1.73% of total benthic invertebrates' density with an annual average density of 6.53 ind/m 2 . During the present study, it was recorded only at station 2 and station 4. The maximum population density was at station 2 with an annual average density of 37.5 ind/m 2 . These results indicate that stations 2 and 4 are somewhat clear, which permits the diversity of benthic species. It was recorded only during winter and spring with a peak during winter (15 ind/m 2 ), while it disappeared during summer and autumn. These results were supported by Wissa (2012) . On the other hand, Potamonautes niloticus was represented only by 7.77% of total crustacean density and 0.15% of total benthic invertebrates. It was recorded only at station 4 with an annual average 5.5 ind/m 2 .
Macrobenthos diversity:
Biodiversity provides important functions to the aquatic ecosystem due to the function done by different species in the community. Therefore, the decreased species number is considered as loss of biodiversity in polluted ecosystems that leads to habitat destruction. During the present study, the biodiversity of macrobenthos revealed that station 2 recorded the highest species richness and Shannon Weaver index value (d= 1.8 and H ′ = 1.9). It could be attributed to the dominance of molluscan species (9 molluscan species) and exclusively dominance of Cardina nilotica. This result reflects the good water condition at station 2. On contrary, station 5 recorded the least species richness and Shannon Weaver index value (d= 0.6 and H ′ = 0.8) (Table 16 ). Macrobenthic fauna is considered a good indicator for the biological and environmental status of the aquatic ecosystem. To examine the associations between the population density and the stations, Primer Similarity Index was applied to the data and was represented as dendrogram in Fig. (13) . It is clear that stations 1 and 6 exhibited the highest similarity value. This could be attributed to the species composition of both stations are quite similar (Table 17) , although species richness are different but the diversity index are quite similar, which might be attributed to the nature of the substrate in each station. Furthermore, stations 2 and 4 were similar which could be attributed to the dominance of crustacean species only in these stations. 
Conclusion and recommendations:
From the previous mentioned discussion, we can conclude that: 1-Studying of water quality parameters along Ismailia Canal revealed that the discharging points of Petroleum Company and Abu Zaabal Company are the main sources of pollution in Ismailia Canal. 2-Study of the macrobenthic community in Ismailia Canal revealed that pollutants have affected their biodiversity. Recommendations: * Special attention should be given to mitigate pollution from these sources as their effects may become significant on the long term. * Constant ecological and hydrological monitoring of Ismailia Canal water is needed to record any alteration in the quality and outbreak of health disorders. * Discharging of industrial effluents into the canal has to be limited. * Applying treatment techniques before discharging the waste water will lead to a better remediation of this important ecosystem.
